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INPUT-OUTPUT INTERFACE CIRCUIT,
INTEGRATED CIRCUIT DEVICE AND
ELECTRONIC APPARATUS

The present application claims priority based on Japanese
Patent Application 2009-156539 filed Jul. 1, 2009, and the
application 1s herein incorporated in the present specification.

TECHNICAL FIELD

An aspect of the present invention relates to input-output
interface circuits, integrated circuit devices and electronic
apparatuses.

TECHNOLOGICAL BACKGROUND

Electrostatic protection circuits for integrated -circuit
devices are described, for example, in Patent Document 1 and
Patent Document 2. Patent Document 1 describes an electro-
static protection circuit that protects an internal circuit from
clectrostatic destruction, when an excessive voltage 1s applied
to an mput-output pad (a common terminal for signal input
and signal output), by circulating a transient current to a
power supply line or a ground line via a resistor and a diode.

Also, Patent Document 2 describes an electrostatic protec-
tion circuit that composes a voltage tolerance circuit using the
so-called floating N well technology. The voltage tolerance
circuit does not have any particular definition, but is an input-
output interface circuit that uses a circuit composition that
does not allow an unnecessary current to tlow from an 1mput
side to a power supply side when a voltage higher than the
power supply voltage VDD of the internal circuit 1s inputted
in an input-output pad or the like, thereby improving the
voltage tolerance.

Also, the floating N-well technology 1s one of the methods
for composing a voltage tolerance circuit 1n which, for
example, the potential on an N-well region where a PMOS
transistor 1s formed 1s not fixed at a high level power supply
voltage VDD, and the voltage on the N-well 1s made adap-
tively adjustable. By this, when an excessive electrostatic
surge or the like exceeding the VDD 1s applied to the source
of the PMOS transistor, a parasitic diode present between 1ts
source (P-type impurity region) and the N-well 1s prevented
from turning on, thereby preventing a large transient current
from flowing 1n the power supply line (VDD line) through the
parasitic diode, and thereby preemptively preventing mal-
function of the circuit and destruction of the elements and
wirings.

PRIOR ART TECHNOLOGY DOCUMENT

Patent Document

[Patent Document 1] Japanese Laid-open Patent Application
H10-41457

[Patent Document 2] Japanese Laid-open Patent Application
2000-77996

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

By using an mput-output interface circuit employing the
clectrostatic protection circuit that flows a transient current
through a resistance and a diode to the power supply line and
the ground line and the voltage tolerance circuit that uses the
floating N-well technology, the electrostatic destruction tol-
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2

erance and the ESD immunity can be improved, but latch-up
may occur 1n the iput-output interface circuit.

In accordance with at least one of embodiments of the
present invention, 1t 1s possible to securely prevent generation
of latch-up 1n an mput-output interface circuit that uses, for
example, an electrostatic protection circuit using at least one
resistance and at least one diode, in combination with a volt-
age tolerance circuit using the floating well technology.

Means for Solving the Problems

(1) An embodiment of an input-output interface circuit of
the invention includes, an mput output terminal for signal
input and output, an input butler that recerves a signal input-
ted externally through the input-output terminal, an output
butiler that has a first MOS transistor of a first conductivity
type formed 1n a floating well region, and outputs a signal
externally through the mput-output terminal, an electrostatic
protection circuit connected between the input-output termi-
nal and a high level power supply potential, and a floating well
potential adjusting circuit that adjusts the potential on the
floating well region, wherein the electrostatic protection cir-
cuit has a first resistance having one end connected to the
input-output terminal, and a diode connected between
another end of the first resistance and the high level power
supply potential, and the floating well potential adjusting
circuit has a second resistance having one end connected to
the mput-output terminal, and a second MOS transistor of the
first conductivity type having one end connected to another
end of the second resistance, another end connected to the
floating well region, and a gate connected to the high level
power supply potential.

For example, when a surge voltage with a positive polarity
1s applied to the iput-output terminal, the current flows
through the electrostatic protection circuit toward a high level
power supply voltage line, whereby a voltage drop 1s caused
in a resistance (for example, a current restricting resistance)
included 1n the electrostatic protection circuit. If the current
restricting resistance included 1n the electrostatic protection
circuit does not commonly serve as a protection resistance
(for example, an electrostatic protection resistance) in the
floating well potential adjusting circuit, a parasitic PNP tran-
sistor present 1n the floating well region may be caused to turn
on as 1ts base-emitter 1s forward-biased by the voltage drop,
whereby a parasitic thyristor may turn on, causing latch-up.

In contrast to the above, in accordance with the present
embodiment, the resistance (first resistance) in the electro-
static protection circuit 1s separated from the resistance (sec-
ond resistance) 1n the floating well potential adjusting circuit
(a substrate potential adjusting circuit), such that, even when
a surge current flows upon application of a surge voltage with
a positive polarity to the input-output terminal, thereby caus-
ing a voltage drop in the first resistance, a current does not
flow 1n the second resistance. Therefore, the base-emitter of
the parasitic PNP transistor present in the ﬂoatmg well region
1s not forward-biased, and maintains 1ts oil state, whereby the
parasitic thyristor does not turn on. Accordingly, generation
of latch-up 1s reliably prevented.

(2) In another embodiment of the input-output interface
circuit of the present invention, the floating well potential
adjusting circuit has a third MOS ftransistor of the first con-
ductivity type having a gate connected to another end of the
second resistance, one end connected to the high level power
supply potential, and another end connected to the floating
well region.

The floating well potential adjusting circuit may have the
third MOS transistor of the first conductivity type. The second
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MOS transistor recited 1n the above-described (1) turns on,
for example, when an electrostatic surge exceeding the high
level power supply voltage VDD 1s mputted 1n the mnput-
output terminal, thereby maintaining the potential on the
floating well to, for example, a potential generally equal to the
potential on the input-output terminal, whereby a parasitic
diode formed between the source or the drain and the well 1s
prevented from being forward-biased such that an unneces-
sary current does not flow.

On the other hand, the third MOS transistor added 1n the
present embodiment turns on, for example, when a voltage on
the iput-output terminal 1s lower than VDD, thereby main-
taining the potential on the floating well to, for example, the
high level power supply potential (VDD), whereby a parasitic
diode formed between the source or the drain and the well 1s
reverse biased. This ensures that an unnecessary current does
not flow. Accordingly, the reliability of the mput-output cir-
cuit further improves.

(3) An embodiment of an integrated circuit device of the
present invention includes the input-output interface circuit
recited above.

As described above, according to at least one of the
embodiments of the mput-output interface circuit of the
present invention, generation of latch-up 1n the input-output
interface circuit that uses an electrostatic protection circuit
using at least one resistance and at least one diode 1n combi-
nation with a voltage tolerance circuit using the tloating well
technology can be reliably prevented. Accordingly, the inte-
grated circuit device (IC) having the input-output interface
circuit mounted thereon according to the present invention
has sulficient electrostatic protection property and ESD
immunity, such that the integrated circuit device (IC) with a
high reliability can be realized.

(4) An embodiment of an electronic apparatus of the inven-
tion includes the integrated circuit device recited above.

As the integrated circuit device (IC) 1n accordance with the
present invention 1s excellent 1n 1ts reliability, the reliability of
the electronic apparatus having the itegrated circuit device
(IC) according to the present invention mounted thereon 1s
likewise improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 11s afigure showing an example ol the composition of
an 1nput-output interface circuit (and the composition of an
integrated circuit device having the input-output interface
circuit) of the present mnvention;

FIG. 2 1s a cross-sectional view of the mtegrated circuit
device with the input-output interface circuit shown in FI1G. 1
formed therein;

FIG. 3 1s a figure for describing a composition example and
an operation example of the put-output interface circuit,
and latch-up.

FIG. 4 1s a circuit diagram showing a parasitic thyristor
created 1n the mput-output interface circuit of FIG. 3.

FIG. 5 1s a cross-sectional view of an integrated circuit
device, for describing the mechanism of latch-up generation

shown 1n FIG. 3.

EMBODIMENTS TO IMPLEMENT TH.
INVENTION

L1

Next, embodiments of the present ivention will be
described with reference to the drawings. It 1s noted that the
embodiments to be described below would not unduly limat
the contents of the present invention recited in the scope of
patent claims, and compositions described in the present
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4

embodiments would not necessarily be indispensable as
means for solution given by the present invention.

Betfore describing the composition of the embodiment of
the present invention, first, a composition example and an
operation example ol an mput-output interface circuit that
uses an electrostatic protection circuit in combination with a
voltage tolerance circuit, and latch-up that 1s generated 1n the
input-output interface circuit will be described with reference
to FIG. 3 to FIG. §.

(Description of Composition Example and Operation
Example of Input-Output Interface Circuit, and Latch-Up)

FIG. 3 1s a figure for describing latch-up 1n an mnput-output
interface circuit. An mput-output interface circuit 400 shown
in FIG. 3 1s provided in an integrated circuit device (IC) 410,
and the integrated circuit device (IC) 410 1s mounted on an
clectronic apparatus 420.

The input-output interface circuit 400 ncludes, an mput-
output terminal T1, a power supply terminal (VDD terminal)
12, an output buifer INV1 that externally outputs a signal
through the mput-output terminal T1, an mmput buffer (for
example, a tri-state builer) 102 that receives a signal inputted
externally through the 1input-output terminal T1, an electro-
static protection circuit 390 (including a resistance (an elec-
trostatic protection resistance: more specifically, for example,
a current restricting resistance) R1 and a diode D1), and a
floating N-well potential adjusting circuit (a substrate poten-
tial adjusting circuit) 108 that adjusts the potential on a tloat-
ing N-well (FNWL: a substrate in a broad sense). It 1s noted
that the conductivity type of the floating well 1s not limited to
N type, but the description herein 1s made assuming that an
N-well 1s used as the tloating well.

The floating N-well potential adjusting circuit 108 includes
two PMOS ftransistors (MP2 (FNWL), MP3 (FNWL))
formed 1n the floating N-well. The resistance R1 also serves
as an electrostatic protection resistance for the floating
N-well potential adjusting circuit 108.

In the input-output interface circuit shown in FIG. 3, the
input-output terminal T1 serves as an mput terminal and an
output terminal. Also, the mput-output interface circuit of
FIG. 3 1s a bidirectional interface circuit, having an input
buifer 102 and an output butler INV1. The mput butier 102
and the output buffer INV1 complementarily operate. In other
words, when one of the butffers 1s on, the other bulfer main-
tains an off state. The input buflfer 102 1s, for example, a
tri-state buifer, wherein the output node of the input buiier
102 1s placed 1n a high impedance state, when a control signal
EN assumes an active level.

The input buifer 102 transiers an iput signal mputted 1n
the input-output terminal T1 to an internal circuit 104. The
output buflfer INV1 may be composed of, for example, a
CMOS butler using a CMOS, and the output butier INV1 has
a P-type first MOS transistor MP1 (FNWL) and an N-type
MOS transistor MN1 that are formed in the floating N-well
(FNWL). On/Ofl of each of the P-type first MOS transistor
MP1 (FNWL) and the N-type MOS transistor MN1 1s con-
trolled by two control signals (complementary signals) out-
putted from a logic circuit 106.

It 1s noted that the notation of “MP1 (FNWL)” indicates a
“first PMOS transistor formed 1n the floating N well” (and
notations concerning the other transistors are similarly
made).

Also, the diode D1 for electrostatic protection 1s provided
between a first node N1 that 1s an mput node of the input
buifer 102 and a second node N2 that 1s a high level power
supply potential (VDD) node. Also, the diode D2 for electro-
static protection 1s provided between the first node N1 and a
low level power supply potential node N3 (for example,
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GND). The diode D1 turns on, when a voltage with a positive
polarity (a positive polarity noise) QE1 that exceeds the high
level power supply potential VDD 1s mputted 1n the mput-
output terminal 11, and functions to have a transient current
generated by the excess voltage QFE1 quickly escape to aVDD
supply line (VDD line). The diode D2 turns on, when a
voltage with a negative polarity (a negative polarity noise)
QE?2 that 1s lower than the low level power supply potential
VSS (GND) 1s mputted 1n the input-output terminal T1, and
functions to have the current tlow through the third node (VSS
node) N3, thereby having the negative polarity voltage QE2
escape to VSS (=GND).

Also, the floating N-well potential adjusting circuit (a sub-
strate potential adjusting circuit) 108 for adjusting the poten-
t1al on the floating N-well (FNWL: a substrate 1n a broad
sense) 1s composed of a P-type second MOS transistor MP2
(FNWL) formed 1n the floating N-well region (FNWL) and a
P-type third MOS ftransistor MP3 (FNWL) formed 1n the
floating N-well region (FNWL).

The second MOS ftransistor MP2 (FNWL) 1s provided
between a fifth node NS that 1s a node on the other end of the
first resistance R1 and a fourth node N4 that 1s a potential
node of the floating N-well (FNWL). The second MOS tran-
sistor MP2 (FNWL) has a gate connected to the high level
power supply potential VDD. The second MOS transistor
MP2 (FNWL) turns on, when a Voltage exceeding the high
level power supply potential VDD 1s applied to the input-
output terminal T1, thereby applying a voltage of the fifth
node NS to the tfloating N-well region FNWL (in other words,
to the fourth node N4).

Also, the third MOS transistor MP3 (FNWL) 1s similarly
provided between the fourth node N4 and the fifth node NS.
The third MOS transistor MP3 (FNWL) turns on, when the
voltage level on the input-output terminal T1 1s below the
high level power supply potential (VDD) (1in other words,
when the mput voltage Vin of the input-output terminal
T1=VDD), thereby applying, for example, the high level
power supply voltage VDD to the floating N-well region
(FNWL).

The input-output interface circuit 400 1s a voltage tolerance
circuit having a tolerance structure (also called an 1nput tol-
erance circuit) that has sufficient tolerance against voltages.
The tolerance structure 1s realized by using the tloating well
technology.

Here, the “floating well region™ 1s a “well region 1n which
the potential 1s not fixed, and the potential can be adaptively
adjusted (which may be a semiconductor substrate 1n a broad
sense, and may be a semiconductor region where transistor
clements (of N-type or P-type 1n general) are formed.” When
the potential of the well 1s fixed at, for example, VDD, and an
excessive voltage (an electrostatic surge, a noise or the like) 1s
inputted 1n the mput-output terminal, a transient current gen-
erated by the excessive voltage flows toward the VDD side. If
there 1s no element provided for restricting the current amount
of the current, the excessive current circulates, which may
cause, for example, melting of wirings and destruction of
clements, or result 1n latch-up. Also, if a parasitic diode turns
on, the potential of the N-well lowers by a forward direction
voltage of the diode, which causes a change 1n the Vth (thresh-
old voltage) of a MOS transistor formed in the floating well.
Accordingly, without fixing the potential of the well region,
the potential 1s made to be adjustable according to statuses,
such that the parasitic diode 1s prevented from turning on, and
destruction of elements and changes 1n the threshold value by
an excessive current can be prevented, whereby a voltage
tolerance circuit 1s composed. This 1s the reason of using the
floating well.
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For example, when an excessive voltage with a positive
polarity (a voltage exceeding the high potential power supply
voltage VDD) QF1 1s applied to the input-output terminal T1,
the second MOS transistor MP2 (FNWL) turns on, as
described above, and the voltage on the fifth node N5 (1.e., the
voltage QE1 with a positive polarity) 1s applied to the floating
N-well region FNWL (1.e., the fourth node N4). Although a
parasitic diode Q2 1s present between the fourth node N4 and
the sixth node N6, a forward direction voltage 1s not generated
in the parasitic diode 2, because the sixthnode N6 (an anode
of the parasitic diode (Q2) and the fourth node N4 (a cathode
of the parasitic diode Q2) both have the voltage with a positive
polarity QE1, whereby the parasitic diode Q2 1s reliably
prevented from turning on. Although a parasitic diode Q1 1s
present between the fourth node N4 and the seventh node N7,
the parasitic diode Q1 1s reverse biased, and therefore remains
to be ofl, because the potential of the fourth node N4 1s QE1
(>>VDD), and the potential on the seventh node N7 1s VDD.

Also, for example, when the potential on the input-output
terminal T1 1s lowerthan VDD, the third MOS transistor MP3
(FNWL) turns on, as described above, thereby applying VDD
to the tloating N-well region FNWL (i.e., the fourth node N4).
As the fourth node N4 (the cathode of the parasitic diode (Q2)
1s maintained at VDD (the highest potential), the parasitic
diode Q2 1s reverse biased, whereby the parasitic diode Q2
maintains 1ts off state. Similarly, as the fourth node N4 (cath-
ode) and the seventh node N7 (anode) both become to have
VDD, the parasitic diode Q1 also maintains its off state. In
this manner, the substrate potential (1.e., the floating N-well
potential) 1s always optimized by the tfloating N-well poten-
tial adjusting circuit 108, such that the parasitic diodes Q1 and
Q2 are reliably prevented from turning on, regardless of the
potential on the input-output terminal T1, and unnecessary
forward direction current of the parasitic diodes can be pre-
vented from flowing, whereby the voltage tolerance (reliabil-
ity) of the circuit can be improved.

(Description of Latch-Up)

Next, latch-up generated 1n the input-output interface cir-
cuit of FI1G. 3 will be described with reference to FIG. 4. FIG.
4 1s a circuit diagram of a parasitic thyristor generated 1n the
input-output interface circuit of FIG. 3. In FIG. 4, the power
supply voltage VDD to be inputted 1n the VDD terminal T2 1s
0V.

As shown 1n FIG. 4, a parasitic thyristor 1s formed by a
parasitic PNP transistor PBJ and a parasitic NPN transistor
NBJ. When the parasitic PNP transistor PBJ turns on, the
parasitic thyristor turns on, thereby causing latch-up. The
latch-up would likely be generated when a voltage greater
than the power supply voltage VDD 1s applied to the mput-
output terminal T1. For example, when a voltage (the voltage
applied may not be limited to an electrostatic surge, but may
be a voltage at a voltage level within the normal operation
range to be applied at the time of normal operation of the
integrated circuit device (IC)) 1s applied to the input-output
terminal T1 1n a state 1n which (a supply line of) the power
supply voltage VDD 1s at OV (or a potential near OV) for some
reasons, latch-up could be generated. The state 1n which the
power supply voltage VDD 1s short-circuited to 0V, and a
voltage at a level to the extent that a current can be circulated
in the resistance R1 1s applied to the input-output terminal T1
can occur when, as shown 1n FIG. 4 1n its upper left area, a
normal mput voltage (a high level voltage) 1s applied to the
input-output terminal T1 1n a state 1n which the VDD supply
line 1s short-circuited to OV because the mput line of VDD 1s
broken, and a conductive foreign object OB 1s connected to
the VDD supply line that connects to the VDD terminal T2.
Also, for example, latch-up can occur when the input-output
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terminal for signals 1s shared by another chip, and a signal at
H level 1s inputted in the input-output terminal T1 1n a state 1n
which the power supply voltage 1s OV. Also, latch-up can
occur even 1n a state 1n which the power supply voltage VDD
1s supplied to the chip, if a spike noise or the like higher than
the power supply voltage VDD 1s inputted 1n the input-output
terminal.

Concrete description 1s made below. In the circuit shown in
FIG. 4, a resistance (an electrostatic protection resistance or
an iput resistance, which is a resistance having, for example,
a current restricting function) R1 composing the electrostatic
protection circuit 390 1s commonly used for protection of the
input builer 102 and for protection of the floating N-well
potential adjusting circuit 108.

Therefore, when a voltage 1s applied to the mput-output
terminal T1, and a current I1 flows from the input-output
terminal T1 to the terminal T1 for supplying VDD (VDD in
this 1nstance 1s, for example, at 0V, as described above), a
voltage generated across both ends of the resistance R1 which
1s influenced by a voltage drop 1s also mnevitably transmaitted
to the floating N-well potential adjusting circuit 108, passing,
through the second MOS transistor MP2 as the second MOS
transistor MP2 composing the floating N-well potential
adjusting circuit 108 turns on, and transmitted to the first
MOS transistor MP1 (FNWL) formed in the floating well
region (FNWL) composing the output butfer INV1, such that,
as a result, the potential on the floating well region (FNWL)
(1.e., the potential on the fourth node N4) lowers. As shown in
FIG. 4, a potential VN4 on the fourth node N4 can be
expressed by 2V-11-R1, when an input voltage Vinis 2V. It 1s
understood that the potential on the floating N-well (the
potential on the fourth node N4) 1s lowered by the amount of
a voltage drop at the electrostatic protection resistance R1.

On the other hand, as the output node of the output butler
INV1 1s connected to the mput-output terminal 11, a voltage
applied to the input-output terminal 11 1s transterred directly
to the output node of the output buffer INV1, and transferred
to the first MOS transistor MP1 (FNWL) formed 1n the tloat-
ing well region (FNWL) that composes the output buifer
INV1, whereby, for example, the potential at a drain (the sixth
node N6) of the first MOS transistor MP1 (FNWL) rises.

As a result, a parasitic PN junction diode present between
the drain of the first MOS transistor MP1 (FNWL) and the
floating well (1.e., a diode between the base and the emitter of
the parasitic PNP transistor PBJ composing the parasitic thy-
ristor) turns on, and the parasitic PNP transistor PBJ turns on.

In FIG. 4, 1156 denotes a current that 1s a base current for the
parasitic PNP transistor PBI, IX0 denotes an emitter current,
and IX1 denotes a collector current. The collector current IX1
ol the parasitic PNP transistor PB1I 1s imnjected in the semicon-
ductor substrate (a substrate that 1s a base for forming the
floating well, which 1s a P-type substrate Psub of a conduc-
tivity type opposite to that of the floating N-well region).

Further, the diode D1 (at least one diode) composing the
clectrostatic protection circuit 1s provided between the first
node N1 and the second node N2 that 1s a high level power
supply potential node (VDD node), such that there exists the
parasitic NPN transistor NBJ with the cathode of the diode D1
(1.e., the second node N2) as an emitter, the P-type semicon-
ductor substrate (Psub) as a base, and the floating N-well
region (FNWL) as a collector.

The current (IX2 1n FIG. 4) injected 1n the semiconductor
substrate (Psub) by the parasitic PNP transistor PBJ drives the
base of the parasitic NPN transistor NBI, thereby turning on
the parasitic thyristor formed between the input-output ter-
minal T1 and the VDD terminal T2 (a hugh level power supply
terminal: OV state).
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In this case, the input-output terminal T1 apparently func-
tions as a VDD terminal, and the VDD terminal T1 functions

as a GND terminal. As the parasitic thyristor operates with the
voltage Vin applied to the mput-output terminal T1 (for
example, 2V) as a power supply voltage, the ON state 1s
maintained until the voltage application to the input-output
terminal T1 1s completed. As the parasitic thyristor does not
have a current restricting function, a current without current
restriction continues flowing while the parasitic thyristor 1s
ON.

FIG. § 1s a cross-sectional view of an integrated circuit
device, for describing the latch-up generation mechanism
shown 1 FIG. 4. In FIG. 5, a floating N-well (FNWL: also
described as NWEL) 210 1s formed 1n a P-type semiconduc-
tor substrate (Psub) 200, and a P-well (PWEL) 226 for form-

ing an NMOS transistor MN1 that composes the output buifer
INV1 1s formed.

In the floating N-well 210 (FNWL), there are formed P~
regions 222 and 224 that are composing elements of a first
MOS transistor MP1 (FNWL), P™ regions 212 and 214 that
are composing e¢lements of a second MOS transistor MP2
(FNWL), P* regions 218 and 220 that are composing ele-
ments of a third MOS transistor MP3 (FNWL), and an N¥
region 216 that 1s a potential lead-out layer of the floating
N-well 210 (FNWL).

Also, 1n the P-well 226, there are formed N™ regions 228
and 230 that are composing elements ol an MNOS transistor
MN1 that composes an output buffer INV1, and a P* region
232 that 1s a potential lead-out layer.

Also, i the N-well 234, a P-layer 236 that functions as an
anode of a diode, and an N-layer 238 that functions as a
cathode thereof are formed. It 1s noted that, in FIG. 5, each of
(1-G4 denotes a gate electrode composed of, for example,
polysilicon or the like.

In FIG. §, when a parasitic thyristor turns on, unnecessary
currents tlow 1n various portions, as indicated by thick arrows,
and the currents continue until the input voltage Vin that 1s a
power supply voltage becomes to be L level. Therefore, a
countermeasure to securely prevent such latch-up i1s neces-

sary.

First Embodiment

Hereunder, a first embodiment of the invention will be
described. FIG. 1 1s a figure showing an example of the
composition of an input-output interface circuit (and the com-
position of an integrated circuit device having the input-
output interface circuit) of the present invention. In FIG. 1,
parts common to those 1n FIG. 3 are appended with common
reference codes.

An mput-output interface circuit 400 shown in FIG. 1 uses
two resistances (a first resistance R1 and a second resistance
R2). The first resistance R1 1s a resistance included in an
clectrostatic protection circuit 390, and 1s provided 1n a path
leading from an input-output terminal T1 to a supply line of a
high level power supply voltage (VDD).

On the other hand, the second resistance R2 1s a resistance
for protecting the floating N-well potential adjusting circuit
108, and 1s provided in a path leading from the mput-output
terminal T1 to a circuit including the floating well (FNWL)
(more concretely, for example, a PMOS ftransistor MP1
(FNWL) that composes the output buifer INV1) (in other
words, 1n a path different from the path in which the first
resistance R1 1s mnserted). In other words, the second resis-
tance R2 1s provided between the mput-output terminal T1
and an 1nput node N5 of the floating N-well potential adjust-
ing circuit 108.
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In FIG. 1, 1t 1s assumed that the VDD supply line 1s at a
voltage near OV, and a voltage Vin (for example, 2V) 1s
supplied to the input-output terminal T1. In this case, a cur-
rent circulates, through the first resistance R1, from the input-
output terminal T1 to the supply line of the high level power
supply voltage (VDD), and a voltage drop 1s generated across
both ends of the first resistance R1. However, as the path
leading through the first resistance R1 to the VDD line 1s a
path different from the path leading through the second resis-
tance R2 to the circuit including the floating well, the voltage
drop generated across the two ends of the first resistance R1
does not intluence the potential on the floating well (FNWL)
at all, whereby the floating well maintains 1ts state in which
the potential 1s stabilized.

In other words, no voltage drop occurs across the two ends
of the second resistance R2, such that, when the transistor
MP2 (FNWL) composing the floating N-well potential
adjusting circuit (the floating well potential adjusting circuit,
the substrate potential adjusting circuit) 108 turns on, the
input voltage Vin applied to the imnput-output terminal T1 1s
supplied intact to the ﬂoa‘[ing N-well (FNWL). Accordingly,
a potential difference 1s scarcely generated between the
potential at the drain (the sixth node N6) of the first MOS
transistor MP1 (FNWL) that composes the output builer
INV1 and the potential (the potential on the fourth node N4)
ol the tloating N-well. Accordingly, no current tlows from the
drain (the node N6) of the PMOS transistor MP1 (FNWL)
that composes the output builer INV1 to the floating N-well
(the node N4) (1n other words, a current path to the floating
well 1s not formed), and the parasitic PNP transistor (the
parasitic PNP transistor PBJ shownin FI1G. 4, FI1G. 5) does not
turn on, whereby latch-up can be reliably prevented.

The circuit structure of the mput-output interface circuit
400 shown in FI1G. 1 has a simplified circuit structure in which
the two resistances (R1 and R2) are used as the electrostatic
protection resistance (an mput resistance) to divide the path
into two paths such that its realization 1s extremely easy,
without Causmg any complication of the circuit structure,
without causing any problem of cost increase, or without
causing any problems concerning increased chip area and
clement layout.

FIG. 2 1s a cross-sectional view of an integrated circuit
device with the input-output interface circuit shown in FIG. 1
formed therein. In FIG. 2, parts common to those in FI1G. 5 are
appended with common reference codes. In FIG. 2, when an
input voltage Vin at a high level 1s supplied to an input-output
terminal T1, a current I1a flows through a first resistance R1
(a first electrostatic protection resistance R1), causing a volt-
age drop. However, the voltage drop does not influence the
potential on the floating N-well, such that a current path
passing through the floating N-well 1s not formed, and there-
fore a current 115 that passes through a second resistance R2
1s not generated.

In FIG. 2, arrows indicating currents with X marks added
thereto express that unnecessary currents flowing 1n the cir-
cuit prior to the present invention shown 1n FIG. § are not
generated in the circuit of the present invention shown in FIG.
2. Similarly, in FIG. 2, a parasitic PNP transistor PBJ and a
parasitic NPN transistor NBJ composing a parasitic thyristor
are added with x marks. This means that the parasitic PNP
transistor PBJ and the parasitic NPN transistor NBJ maintain
their OFF state, and do not switch to ON state, such that the
parasitic thyristor 1s not generated.
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In this manner, according to the input-output interface
circuit 400 shown 1n FIG. 2, for example, the latch-up that
may possibly be generated under special circumstances, like
the above-described example, 1s reliably prevented by the
simple composition, such that the voltage immunity (voltage
tolerance) of the mput-output interface circuit (an mnput out-
put circuit) 400 can be ell

ectively enhanced.

In this manner, according to at least one of the embodi-
ments of the invention, for example, 1t 1s possible to reliably
prevent generation of latch-up 1n an mput-output intertace
circuit that uses an electrostatic protection circuit that uses,
for example, at least one resistance and at least one diode 1n
combination with a voltage tolerance circuit that uses the
floating well technology, whereby 1t 1s possible to improve the
reliability of an integrated circuit device with the input-output
interface circuit provided therein, and of an electronic appa-
ratus with the itegrated circuit device mounted thereon.

The embodiments are described in detail, but a person
having ordinary skill in the art can readily understand that
many modifications can be made within the range that does
not depart from the novelty and the effect of the invention.
Therefore such modification examples are deemed to be
entirely included 1n the present invention. For example, in the
explanation provided above, a circuit that uses a floating
N-well 1s described, but the present mvention 1s similarly
applicable to a circuit that uses a floating P-well.

The invention claimed 1s:

1. An mput-output 1mnterface circuit characterized in com-
prising:

an input-output terminal for signal input and output;

an mput buffer that receives a signal inputted externally

through the input-output terminal;

an output buffer that has a first MOS ftransistor of a first

conductivity type formed 1n a floating well region, and
outputs a signal externally through the input-output ter-
minal;

an electrostatic protection circuit connected between the

input-output terminal and a high level power supply
potential; and

a floating well potential adjusting circuit that adjusts the

potential on the floating well region, wherein
the electrostatic protection circuit has a first resistance
having one end connected to the input-output terminal,
and a diode connected between another end of the first
resistance and the high level power supply potential, and

the floating well potential adjusting circuit has a second
resistance having one end connected to the mput-output
terminal, and a second MOS transistor of the first con-
ductivity type having one end connected to another end
ol the second resistance, another end connected to the
floating well region, and a gate connected to the high
level power supply potential.

2. Aninput-output interface circuit recited in claim 1, char-
acterized 1n that the floating well potential adjusting circuit
further has a third MOS transistor of the first conductivity
type having a gate connected to another end of the second
resistance, one end connected to the high level power supply
potential, and another end connected to the floating well
region.

3. An integrated circuit device characterized 1n comprising,
the input-output interface circuit recited in claim 1.

4. An electronic apparatus characterized in comprising the
integrated circuit device recited 1n claim 3.
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